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   3 
1 Introduction 
Average firm size varies substantially across industries. In this note we try to sort out 
empirically to which extent we can explain this variation by differences in innovation 
across industries. 
 
This note is motivated by two reasons. First, to give an explanation of the observed 
broad spectrum of average firm sizes is interesting in itself. Why is it that in one indus-
try firms use – on average - considerably more employees than in another? Second,  av-
erage firm size is often used as a determinant for explaining various economic perform-
ance measures of industries, such as profitability, employment growth, R&D intensity, 
and export intensity. Hence, explaining average firm size gives also further insight in the 
explanation of these latter economic variables. 
 
This note on the influence of innovation on firm size can be seen as a first step in ex-
plaining variation in average firm size across industries. We cannot make strong conclu-
sions in this stage because (i) our data set has limitations, (ii) we encounter a reversed 
causality problem, and (iii) the empirical model we use is still insufficiently justified by 
theory. Nevertheless, we think that our empirical results give some first interesting in-
sights. 
 
We continue in the next section 2 by briefly describing existing theories that relate to 
firm size. These include classic production theories, minimum efficient scale (MES) the-
ory, firm size distribution, life cycle theory, and theories focusing at the inverse of aver-
age firm size, i.e. the so-called entrepreneurship rate. Section 3 gives a description of 
the model used in the underlying study, while section 4 shows the empirical results. 




As regards explaining firm size distributions and average firm size, many approaches 
can be found in economic literature. The brief assessment below makes clear that 
measures of innovation can – overall – be considered as important determinants of firm 
size. 
 
Classic micro economic production theory and minimum efficient scale 
Using classic micro economic assumptions, the optimal number of firms in the industry 
is the largest number of firms that can break even. The basic idea is that the supply 
curve (cost function) determines the level of output for an individual firm. A larger 
number of firms implies a flatter supply curve and this leads to a lower equilibrium 
(market) price. The minimum efficient scale (MES) level of output is  defined as the 
minimum size level where average cost is at a minimum. Economic theory predicts entry 
based on market-structure characteristics and the opportunity for profitable operations. 
The number of firms in the market is uniquely determined by the market size divided by 
this minimum efficient scale. 
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Transaction costs theory 
The transaction costs theory initiated by Coase (1937) examines whether transactions of 
goods or information should take place within the firm (vertical integration) or outside 
the firm, i.e., in the market. A higher degree of market transactions leads to smaller 
firm sizes, while the opposite is true for a high degree of vertical integration. Whether a 
particular transaction is allocated to the market or to an organization is a matter of cost 
minimisation. Within the framework of transaction costs, firm size is dependent on hu-
man characteristics behaviour (Williamson, 1975) and transaction characteristics. These 
characteristics will continuously change due to economic or institutional developments. 
A development towards higher levels of knowledge and innovation, for example, would 
lead to lower levels bounded rationality. 
 
Stochastic models of firm size distributions 
Gibrat’s Law (Gibrat, 1931) states that it is expected for firms to increase their size pro-
portional to their current size, i.e.,growth would be independent of firm size. Consider-
ing the conducted empirical studies to test Gibrat’s law of independent growth, its va-
lidity may depend on scale economies and on sectoral characteristics. Sutton (1997) 
gives a useful survey on the outcomes of many empirical studies in this field. Gibrat’s 
law is based on a simple assumption and leads to a particular firm size distributions. Ex-
tensions have amongst others been proposed by Ijiri and Simon (1977). These exten-
sions also alter the resulting characteristics of the firm size distributions. De Wit (2003) 
gives an overview of various firm size distributions, with their underlying assumptions 
on entry and exit. 
 
Life cycle theories 
The evolution of an industry can be divided into four stages: an innovation stage, an 
imitation stage, a technological competition stage and finally a standardisation stage. 
Utterback and Suarez (1993) describe the relationship between innovation, competition 
and industry structure. They also composed the dominant design theory, which states 
that an emerging market is characterised by many small entrants who are all innovat-
ing. It is important distinguish between process- innovations and product-innovations. 
In the beginning of a new life cycle the emphasis will be on product innovations while 
in later phases process innovations will play a more important role, in order to improve 
efficiency. Klepper (1996) states firm size as an important factor for big firms to survive: 
“large getting larger”. Due to increasing returns in R&D large gets larger, especially in 
process-innovations. Product innovations provide room for smallness. Klepper also pro-
poses a more continuous decline in the number of firms, contrary to the foregoing 
theories, where a stable end population is assumed.  
 
Entrepreneurship rate: an inverse measure of firm size 
Where classic micro economic theories take the (cost) structure of the market as a point 
of departure - and as such the demand for firms, there is also growing interest to take 
the opposite as a point of departure, i.e. the supply of entrepreneurs relative to labour 
force. This is expressed in the so-called entrepreneurship rate, which can be seen as an 
inverse measure of firm size. The entrepreneurship rate is seen to differ over countries; 
a U-shaped relation with capita per income is observed (see Carree et al., 2002). The 
entrepreneurship rate is dependent on many features from economic, social and cul-
tural perspectives. An eclectic framework in this respect is provided by Audretsch et al. 
(2003). While the assessment of the entrepreneurship rate is quite developed at the 
macro level (see Van Stel, 2003), the industry level is at present difficult to explore. This 
is especially due to the limited availability of harmonized data at the industry level. An   5 
exception is formed by Van Stel and Carree (2003). Distinguishing two sectors (manu-
facturies and services), they present harmonized entrepreneurship rates for 21 OECD 
countries over the period 1970-1998. 
 
Product and process innovation as determinants of firm size 
Linking the above - different - theoretical points of view towards firm size, we see that 
the degree of innovation seems to be an important feature in most of them. Rather 
than trying to find a complete set of determinants, we will therefore focus on the de-
gree of innovation as a market characteristic explaining firm size in our empirical model. 
In this, making a distinction between process innovation and product innovation seems 
to be necessary. 
 
It could be argued that product innovation would mostly require some minimal firm 
size, whereas process innovation would also be feasible for small-sized organisations. 
Process innovations may, especially in services sectors (for example, new techniques re-
lated to ICT) be produced by small companies to be used by larger companies. How-
ever, the distinction between process and product innovation is particularly in the ser-
vices sectors rather difficult to make. 
 
Cohen and Klepper (1996) argue that returns of an innovation are positively related 
with the size of the firm and that this relationship is stronger for process innovations 
than for product innovations. For process innovation, they assume that it cannot be sold 
in disembodied form; the return of a process innovation that improves the price-cost 
margin is positively related to the internal applications (that depend on the firm’s out-
put). Higher volumes of production imply higher gross benefits of an innovation. Hence, 
larger firms are able to benefit more from a certain innovation than smaller firms be-
cause larger firms can spread the benefits over a greater volume. 
 
We hypothesize that innovative activities lead to larger firm size. The positive associa-
tion between innovation and firm size is also known as the “Schumpeterian view”. Fur-
thermore, we expect that process innovation will be associated more with large firms 
than product innovation (following Cohen and Klepper). The relationship will be inves-
tigated using a simple model without acknowledging the two-way effects between in-
novation and firm size as set out in the next section. We do, however, explicitly regard 




3 Model  and  data 
Model 





ix FS ε β β + + = ∑
=1
0 98   
where  98 FS  denotes the logarithm of average firm size in 1998 and  i x  denotes de-
terminant i. We take logarithms to retrieve relative effects: a certain percentage change 6   
in the independent variable leads – independent of levels - to a certain percentage 
change of the dependent variable.  
Reversed causality 
In the above model it is assumed that innovation measures have an influence on aver-
age firm size. However, the reverse might also be true: firm size might also influence 
innovation. Recognising this problem of a complex relationship  between innovation 
and firm size, some authors have used instrumental variables for concentration in the 
context of single equation models, while others have applied simultaneous equation 
system with innovation and industry structure entering as endogenous variables. Con-
sidering the dataset that is available, we abstain from such modelling techniques and 
simply consider the one-way effect of innovation on average firm size. 
Data 
For exploring the firm size distributions in the Netherlands an EIM dataset has been 
used, containing average firm size for 66 industries in 1993 and 1998. These 66 indus-
tries together encompass the whole Dutch business sector. Average firm sizes in 1993 
and 1998 were seen to be rather robust, i.e. significant changes in average firm sizes 
were not observed for a large majority of the investigated sectors. The data on innova-
tion were collected by the Dutch Central Bureau of Statistics, based on questionnaires 
among firms within most of the sectors covered by the firm size dataset described 
above. The dataset includes various measures related to innovation. The information 
refers to 1994-1996, which suits the one-way relationship suggested by the model 
used, as our dependent variable relates to average firm size in 1998. 
The two key variables are the share of firms in the industry that undertakes process in-
novation and the share of firms in the industry that undertakes product innovation. Ad-
ditionally to these two measures, it is known what share of the innovating firms have 
developed their own innovations. Other determinants will be used as control variables. 
Data characteristics are shown in the Appendix. Especially the high correlation between 
process innovation and product innovation deserves some special attention in the em-
pirical analysis. This is described in the next section. 
 
 
4 Empirical  results 
Applying the model to our dataset while using OLS, we arrive at the results displayed in 
table 1. Each column represents a different model specification. In the first column, the 
complete set of determinants is included. Considering the highly significant correlation 
between product innovation and process innovation the presence of multicollinearity is 
highly probable. Hence, the process innovation and the product innovation variables 
should not be included within the same model. Process innovation and product innova-
tion are therefore separately investigated in models II and III. Both types of innovation 
are to some extent associated with higher levels of firm size. This finding is according to 
“Schumpeter’s hypothesis” and can partly be explained by the fact that for many activi-
ties, to be able to do innovations, there must be some minimum level of firm size. For 
these activities, however, the causal effect can be ambiguous. The positive association 
found between innovation and firm size should than be interpreted as a correlation 
rather than a causal effect. The model including process innovation results in a better 
overall-fit of the regression model.   7 
Models IV and V exclude investment shares in machinery and computers respectively. 
These were seen to be non-significant in models I – III. We observe that the exclusion of 
both variables leads to an increase of the effects of process innovation.  
 
table 1  Empirical results. Dependent variable is average firm size. 
II I III IV    V
           
constant  -0.56 0.60  -0.17 0.55   0.78 
          




2.82 **  3.90** 
          
Share of process innovating 




-1.43 *  -1.67** 
          




    
          
Share of product innovating 




    
          
Investment share in machinery 0.81 0.03  -0.28     
          
Investment share in computers -1.94 -0.93  0.22  -0.92    
          
Uncertainty about competition 
level  
0.12** 0.10** 0.09** 0.10  ** 0.10** 
         
Share of subsidized innovation 
in total innovation 
5.10** 3.00** 4.05** 3.03  ** 2.16** 
         
Share of patented innovation 
in total innovation 
-5.04**  -3.95* -4.07* -3.95  * -3.27* 
         
F Statistic  13.26 13.57 12.35 16.13 17.93 
Adjusted R




In model V it appears that the more firms use their own process innovations (rather 
than those of other firms), the lower the average firm size. This suggests that the effect 
of process innovation that is created outside the own firm is more associated with large 
firms. This is not in line with the proposed mechanism of Cohen and Klepper (1996). 
However, Cohen and Klepper investigate the impact of firm size on R&D expenditure 
while the present study focuses at the reverse effect. 
 8   
Perceived uncertainty (measured by the proportion of companies that cannot estimate 
the degree of competition very well) enhances average firm size. Apparently, uncer-
tainty in the market requires a larger firm size that enables more to cope with the un-
certainty. The positive effect found for subsidized innovation may be related to larger 
firms being more aware of the possibilities to apply for subsidies. The share of patented 





This study puts forward the relevance of investigating the relation between innovation 
and firm size, acknowledging differences between process innovation and product in-
novation. From different strands in economic literature, the relevance of innovation in 
explaining average firm size has been put forward. The efforts made so far in this par-
ticular research area, are still limited. Future empirical studies in this area would ideally 
require a two-way causation model and appropriate datasets. Our empirical results sug-
gest a positive impact of innovation on average firm size. Furthermore, larger shares of 




   References 
Acs, Z.J. and D.B. Audretsch (1990), Innovation and Small Firms, MIT Press. 
Audretsch, D.B. and A.R. Thurik (2000), Capitalism and Democracy in the 21 St century, 
from the managed to the entrepreneurial economy, Journal of evolutionary economics 
10, pp. 17-34 
Audretsch, D.B. , A.R. Thurik, I. Verheul and A.R.M. Wennekers (2003), An eclectic the-
ory of entrepreneurship: policies institutions and culture, in: The Globalization of the 
World Economy, D.B. Audretsch (ed), Edward Elgar Publishing, Cheltenham, forthcom-
ing. 
Carree, M.A., A.J. van Stel, A.R. Thurik and A.R.M. Wennekers (2002), Economic devel-
opment and business ownership: an analysis using data of 23 OECD countries in the 
period 1976-1996, Small Business Economics 19, pp. 271-290  
Coase, R.H. (1937), The nature of the firm, Economica 4, pp. 386-405. 
Cohen, W.M. and S. Klepper, (1996), Firm Size and the Nature of Innovation within In-
dustries: The Case of Process and Product R&D,The Review of Economics & Statistics 78, 
pp. 232-43.  
Gibrat, R. (1931), Les inégalités économiques, Paris: Sirey.  
Ijiri, Y.  and H. Simon (1977), Skew Distributions and the Sizes of Business Firms, North-
Holland, Amsterdam-New York-Oxford. 
Klepper, S. (1996), Entry, Exit, Growth and Innovation over the Product Life Cycle, 
American Economic Review  86, pp. 562-83 
Sutton, J. (1997), Gibrat's Legacy, Journal of Economic Literature 35, pp. 40-59.   9 
Utterback, J. and F.S. Suárez (1993), Innovation, competition, and industry structure, 
Research Policy 22, pp. 1-21. 
Van Stel, A.J. (2003), COMPENDIA 2000.2: a harmonized data set of business owner-
ship rates in 23 OECD countries, EIM Research Report H200302, Zoetermeer, 
www.eim.net. 
Van Stel, A.J. and M.A. Carree (2003), Business Ownership and Sectoral Growth: An 
empirical analysis of 21 OECD Countries , EIM SCALES paper N200308, Zoetermeer., 
www.eim.net. 
Williamson, O.E. (1975), Markets and Hierarchies: Analysis and Antitrust Implications, 
New York, Free Press. 
De Wit, G. (2003), Firm Size Distributions. An overview of steady-state distributions re-
sulting from firm dynamics models, EIM Research Report H200306, Zoetermeer, 
www.eim.net.10   
 1
1
 
A
n
n
e
x
 
I
 
I
n
n
o
v
a
t
i
o
n
 
D
a
t
a
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
 
m
e
a
n
 
s
t
.
 
d
e
v
.
 
c
o
r
r
e
l
a
t
i
o
n
s
 
 
 
 
 
1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 
1
.
 
S
h
a
r
e
 
o
f
 
f
i
r
m
s
 
t
h
a
t
 
u
s
e
 
p
r
o
c
e
s
s
 
i
n
n
o
v
a
t
i
o
n
 
(
%
)
 
6
.
6
6
9
.
8
3
 
-
 
 
 
 
 
 
 
 
2
.
 
S
h
a
r
e
 
o
f
 
p
r
o
c
e
s
s
 
i
n
n
o
v
a
t
i
n
g
 
f
i
r
m
s
 
t
h
a
t
 
u
s
e
 
t
h
e
i
r
 
o
w
n
 
i
n
n
o
v
a
t
i
o
n
s
 
(
%
)
 
0
.
4
0
0
.
1
2
 
-
.
4
0
*
*
 
-
 
 
 
 
 
 
 
3
.
 
S
h
a
r
e
 
o
f
 
f
i
r
m
s
 
t
h
a
t
 
u
s
e
 
p
r
o
d
u
c
t
 
i
n
n
o
v
a
t
i
o
n
 
(
%
)
 
7
.
2
7
1
0
.
3
1
 
.
9
7
*
*
 
-
.
4
1
*
*
 
-
 
 
 
 
 
 
4
.
 
S
h
a
r
e
 
o
f
 
p
r
o
d
u
c
t
 
i
n
n
o
v
a
t
i
n
g
 
f
i
r
m
s
 
t
h
a
t
 
u
s
e
 
t
h
e
i
r
 
o
w
n
 
i
n
n
o
v
a
t
i
o
n
s
 
(
%
)
 
0
.
3
3
0
.
1
6
 
-
.
5
4
*
*
 
.
8
3
*
*
 
-
.
5
9
*
*
 
-
 
 
 
 
 
5
.
 
I
n
v
e
s
t
m
e
n
t
 
s
h
a
r
e
 
i
n
 
m
a
c
h
i
n
e
r
y
 
(
%
)
 
0
.
4
1
0
.
2
2
 
.
5
9
*
*
 
-
.
5
2
*
*
 
.
6
9
*
*
 
-
.
6
7
*
*
 
-
 
 
 
 
6
.
 
I
n
v
e
s
t
m
e
n
t
 
s
h
a
r
e
 
i
n
 
c
o
m
p
u
t
e
r
s
 
(
%
)
 
0
.
0
6
0
.
0
6
 
.
6
1
*
*
 
-
.
1
6
 
.
6
4
*
*
 
-
.
5
5
*
*
 
.
5
3
*
*
 
-
 
 
 
7
.
 
U
n
c
e
r
t
a
i
n
t
y
 
a
b
o
u
t
 
c
o
m
p
e
t
i
t
i
o
n
 
l
e
v
e
l
,
 
s
h
a
r
e
 
(
%
)
 
 
0
.
2
1
0
.
0
3
 
.
3
7
*
*
 
.
0
6
 
.
3
8
*
*
 
-
.
1
9
 
.
1
4
 
.
4
4
*
*
 
-
 
 
8
.
 
S
h
a
r
e
 
o
f
 
s
u
b
s
i
d
i
z
e
d
 
i
n
n
o
v
a
t
i
o
n
 
(
%
)
 
0
.
2
0
0
.
1
7
 
.
7
1
*
*
 
-
.
5
6
*
*
 
.
7
8
*
*
 
-
.
8
1
*
*
 
.
8
4
*
*
 
.
7
0
*
*
 
.
2
5
*
 
-
 
9
.
 
S
h
a
r
e
 
o
f
 
p
a
t
e
n
t
e
d
 
i
n
n
o
v
a
t
i
o
n
 
(
%
)
 
0
.
1
0
0
.
0
9
 
.
6
7
*
*
 
-
.
4
0
*
*
 
.
6
7
*
*
 
-
.
4
8
*
*
 
.
4
0
*
*
 
.
5
6
*
*
 
.
5
0
*
*
 
.
6
0
*
*
 
N
u
m
b
e
r
 
o
f
 
s
e
c
t
o
r
s
:
 
6
6
 
*
*
 
 
s
i
g
n
i
f
i
c
a
n
t
 
a
t
 
5
%
 
l
e
v
e
l
 
*
 
s
i
g
n
i
f
i
c
a
n
t
 
a
t
 
1
0
%
 
l
e
v
e
l
 
 